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Partial update in S. Malde et al. arXiv:1504.05878 [hep-ex]



Outline

* Motivation
Measurement of y
The role of CP eigenstates
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* Quantum-correlated measurements and
CLEO-c

» Measuring the CP content of D - ht h™ r?

* Conclusion




Unitarity triangle

VgKM VCKM = =>Vuqu1 +thVt§ +VchcZ =0

CKMfitter Group (J. Charles et al.), Eur. Phys. J. C41, 1-131 (2005) [hep-ph/0406184],
updated results and plots available at: http://ckmfitter.in2p3.fr
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* Best experimental way to improve consistency checks of KM

mechanism is to better determine y

* New physics at the level of 4° possible
Brod, Lenz, Tetlalmatzi-Xolocotzi & Wiebusch arXiv:1412.1446




Also, an annihilation process, »
% but depends on same CKM

elements
* Tree-level determination y
V * i |(5B _7/)
W
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- Same final state for D and D = interference = the possibility of DCPV

CHARM 2015

* Three types of D final states generally used
CP-eigenstates [GLW]
Gronau & London, PLB 253, 483 (1991), Gronau, & Wyler, PLB 265, 172 (1991)
K*X~ (X~=n-, ®= n°% wn~ ©t*) - CF and DCS [ADS]
Atwood, Dunietz & Soni, PRD 63, 036005 (2001)
Self-conjugate multibody states: K;h*h™ [GGSZ and Dalitz]
Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003); Bondar (unpublished)
None of the above (SCS): K,K*r ~ [GLS]
Grossman, Ligeti and Soffer, Phys. Rev. D67 071301 (2003)



Another look at the world average
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e Coherence factors from

threshold 004
* ¢, and s, from threshold
* See talk by BESIII (A. Onur) lsiilortlosnisetlessletnlees]
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* Statistically limited ..o FGLW+ADS B - -

« ADS and GGSZ rely on inputs o 0.10 |- 1 S
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CKM 14 naive statistical treatment (for illustrative purpose only) -

Questions:
Are there more D decays that can be used?
If so, what input from charm is needed?




Additional CP eigenstates

* Several eigenstates have been studied in GLW
measurements of B—>DK decays

state | Eigenvalue BR (%)

D’ srntr~ +1 0.14
D°SK*K~ +1 0.40
D°—>K.m® -1 1.19
D°—>Kxn -1 0.48

* Are there more states available?

* Not many easily reconstructible 2-body decays
What about 3-body?
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D? >t~ m°: BR 1.43%

o m Symmetry of the decay
Dalitz plot indicates an
isospin = 0 state of the
three pions

s, (GeV*c?

m G-parity suggested that
this should be an
almost pure CP-even

2 3 eigenstate
5. (GeV-/cY)

= Suitable for GLW
BABAR: PRL 99 (2007) 251801
Isospin analysis: Gaspero, Mishra, measurement

Meadows and Soffer 5
PRD 78 (2008) 014015 = How to check:
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Quantum correlated measurements

At the y (3770) neutral D pairs produced in guantum entangled state:

e'e” >y" >+ DD’ -D°D’ |
DCP— DCP+ — DCP+ DCP—]

e'e” Dy’ > 5|
where Dgp, = 2| Doiﬁo}
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Reconstruct one D in decay of interest (eg. nnn), & otherin CP
eigenstate (eg. KK, K.t ...) then CP of the other is fixed.

If the three pions in D° - ™ =~ = are in a CP-even eigenstate
D° - n* m~ n® vs CP-even decay — no events

D° - n* = w® vs CP-odd decay — 2 x enhancement of events




CLEO-C

 CLEO-c collected 818 pb-! at the y (3770) — 3 million neutral D pairs
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* Pristine environment
* Full reconstruction of both Ds
* Including K, using missing-mass
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CP-odd tags

KK, mtrr, K om0 Km®, K, o, Kn, Kn'
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Add K; tags: K, n’ and K; ® (CP+)

/—+/—

Tag rtr Y

ata— Y 34.3 4 20.0
KTK~ 3.9+ 5.5
mrrT 13.3 £ 6.6
]{gnono 1.9+ 34
]{Eno 146+ 7.9
K’Ew 434 4.0
K970 214.0 £ 15.0
KQw 95.5+ 9.9
K ( ,n,) 33.0+ 5.8

8.8 3.1
17.6 £ 4.2
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Quantifying the result

| 1 1 T | T
Average . =
Kin' K{n®
et
- Ko 0 - 0 S
JN(mmm) Ko N
e
" 0 KU 0.0
Kn(yy) on'n n
S
e . = S
0 o
K nn <
S
Kn® KK
| L L | | | | L | L L | | | | 1 | L L | | | | L | L L | | L L L L | 1 1 | L | | L | | | | L L | | | L L |
0.004 0.006 0.008 0.01 0.012 0.014 0.016 -0.001 0  0.001 0.002 0.003
N™ N
N* normalised to account for differing reconstruction efficiency and BRs -
N+
F =0.968+£0.017+0.006

"N N




Update: K'z*nt~ tags

4280910-001

arXiv:1504.05878 [hep-ex]
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Consistent picture from all tags 192 +

Almost a pure CP eigenstate

C'P e iﬂ enstates

I‘Lg L.fl.

0.968 = 0.017 £ 0.006
1.014 £ 0.045 = 0.022

Combine d

0.973 £ 0.017
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20T 4 20 b L .
- Even ta ; R -
D() K+ K_ 0 & ] A}E_Odd tag l ]
3 120 . S 12F =
< 10t ] < 10f H
Also measured but some £ % }L + B
disadvantages ] H’H’ %‘H +H’ v + +
. 1983 184 185 186 187 188 189 1083 184 185 186 ;87 ]88 189
Not as symmetric a My [GeViet] M [GeVIET] n
Dalitz plot B PRERRRRAD S
PRD 76 (2007) 011102 K3 Kin' S
Kn(nnn’) Ko g
Smaller BF of 0.33% ) T oum 2
1 B Kl nn %
However, experimentally - . ——
cleaner in B—>DK
0 0.001 0.002 0.003 -0.0005 0 0.0005 0.001 _
N* N
Consistent picture among —
all tags Tag FoOT
CP eigenstates 0.731 &= 0.058 £ 0.021
Predominantly CP-even }fgL?T"'TT_ 0.734 + 0.106 = 0.054

Combined 0.732 £+ 0.055




Modified GLW formalism

* Can relate our measurement directly to a modified version of
the observables in the GLW formalism of B—~>DK

Mixing can also be accounted for
* The usually reported ones are

p_ D(B” = Dp,K7) + T(B* = Dp K™) R
" T (B~ = D'K-) + I'(B+ — DVK+) =
4. _ DB = DpK") — T(B" = Dp KT) :
F — O

* (B~ = Dp, K-) + I'(B* = Dp, KT)
* It can be shown that for a multibody D decay with a known F,

Rrp, = 1+ 715+ ((2F.—1)-2rgcosdpcos?.
Ap, = (2Fy —1)-2rpsindpsiny/Rp,,

* Introduces a dilution factor of 0.95 and 0.46 to the asymmetry
in for Tttt and K*K-nt® respectively




Conclusion

D® - 1% is an almost a pure CP even eigenstate

DY - K*K~n®is a predominantly CP even eigenstate

Already measurements in B-decay - arXiv:1504.05442v1 [hep-ex] "
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Promising for the future: Belle Il and LHCb upgrade

Also can be used to study possible non-Standard model CPV in
charm decay: - S. Malde next talk




